Derivation of thermodynamic equations
Here we give a more detailed derivation of equation (3) in the main text. We start by explicitly evaluating the free energy expression:
where x is the degree of cation interchange, b s is the multiplicity of site (or sublattice) s, and x i,s is the fractional occupancy of species i (cations or vacancies) on site s. For the chemical equilibrium in equation (1) in the main text, we write out the entropy part as follows:
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which, using the above results, evaluates to
which gives equation (3) in the main text when rearranged. Tables S2, S3 and S4 give the structural data (space group symmetry, lattice parameters and atomic positions) for the most stable configuration of BN, SN and PN, respectively, after full geometry optimization by DFT calculations. All structures are given in the standard setting (ITA) of the relevant space group (space groups are listed in Table 1 in the main text). Table S5 gives the lattice parameters for all 30 cases (compositions and configurations) considered in the main text, in a pseudo-tetragonal setting which better facilitates direct comparison between cases with different symmetry. Table S5 : Lattice parameters for all the 30 structures considered in this work, as obtained by full structural optimization by DFT calculations. PP configurations are orthorhombic, SS tetragonal and SP monoclinic, and to make it easier to compare between structures of different symmetry, all parameters are given for a pseudo-tetragonal supercell. Structures with a base-centered orthorhombic lattice are given as primitive monoclinic cells with a = b and γ = 90°(denoted by an asterisk next to the monoclinic angle). A blank space for b means a = b, while a blank space for γ means 90°.
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